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In this study, experiments were undertaken to elucidate the mechanism responsible for the activity of HWE from BOG against tumor cells. The effect of silica, carragheenan and hydrocortisone acetate on antitumor activity of HWE was investigated in mice which had been inoculated intraperitoneally with allogeneic or syngeneic tumor cells.
MATERIALS AND METHODS

Preparation o f hot water extract (H WE) from BOG
The hot water extract was prepared from Mycobacterium boris, strain BCG, as described previously (Sato et al. 1976 ).
Animals.
Male ddY mice and C3H/He mice were purchased from the Funabashi Animal Breeder, Funabashi, Japan.
The mice were 6-to 7-week-old at the start of the experiments.
Tumor cells. Sarcoma 180 (5180) has been maintained in ascites in ddY mice by weekly inoculations. MH134, originally induced in C3H mice with carbon tetrachloride and converted into ascites form (Sato et al. 1956 ), has been maintained in C3H/He mice by intraperitoneal inoculations. The tumor cells, taken from the abdominal cavity and washed in Hanks' balanced saline solution, were cultured for 120 min in RPMI 1640 (Nissui Seiyaku Co. Tokyo) containing HWE.
Viability was checked by trypan blue exclusion test. Male ddY mice and C3H/He mice were inoculated with 5180 (1.0 X 105) and MH134 cells (1.0 X 104) prepared as above, respectively.
The survival time of the experimental groups was compared with that of the control mice which had been inoculated with tumor cells from HWE-free medium.
Effect o f silica and carragheenan on antitumor activity o f HWE.
Silica (3.0 g, Junsei Chemical Co., Tokyo) was suspended in saline solution in a test tube. After vigorous swirling, the suspension was left standing for 3 min. The upper layer and the precipitate were separately air-dried on a filter paper. The size of particles in the upper layer, determined under electron microscope, was less than 0.5 ,um and that in the precipitate more than 5 um. The particles of silica thus obtained were resuspended in saline, and 25 mg/mice of silica were injected intraperitoneally 2 days before and 9 days after inoculation of tumor cells.
Male ddY and C3H/He mice were inoculated intraperitoneally with 5.0 X 105 cells of 5180 and 5.0 X 103 cells of MH 134, respectively. HWE (0.25 mg/mouse) was injected intraperitoneally for 14 consecutive days from l day after inoculation of tumor cells. Survival times of experimental and control groups were compared.
Mice were injected intraperitoneally with 2 mg of carragheenan (Type II, Sigma Chem. C. USA) dissolved in 0.5 ml of boiling saline. 5180 cells (5.0 X 105) and MH134 cells (5.0 X 103) were inoculated into the peritoneal cavity of ddY mice and C3H/He mice respectively 2 days after injection of carragheenan. HWE (0.25 mg in 0.2 ml of saline) was injected intraperitoneally for 14 consecutive days from 1 day after inoculation of tumor cells. 
RESULTS
No decrease of viable cells was observed when either 5180 cells or MH134 cells had been incubated for 120 min in culture medium containing EWE. As shown in Table 1 , the survival time was not prolonged in the groups which had been inoculated with EWE-treated tumor cells.
Effect o f silica and carragheenan on antitumor activity o f HW E In mice which had been injected with small particles of silica, antitumor effects of EWE were abrogated. However, in the groups which had received large particles of silica, no decrease in effects of EWE was observed. The survival time of carragheenan-injected mice was not decreased as compared with that of control groups. However, antitumor effects of EWE were abrogated in mice which had been treated with carragheenan (Tables 2-4, Fig. 1) Effect o f hydrocortisone acetate on antitumor activity o f HW E In mice which had received intraperitoneal injections of hydrocortisone acetate, the effect of EWE was reduced. No difference in survival time was observed between the groups which had been injected with hydrocortisone acetate and the control groups ( Fig. 2 and Table 5) Effect o f pretreatment with HWE o f peritoneal cells on tumor growth
The growth rate of a subcutaneous inoculum consisting of 5180 cells and peritoneal cells from untreated mice was almost comparable to that of an inoculum consisting of 5180 cells alone. The tumor growth was retarded in the group which had been inoculated with a mixture consisting of 5180 and peritoneal cells from HWE-injected mice. Also the number of survivors was the greatest in this group at the end of the experiment (Fig. 3) .
DISCUSSION
There have been numerous reports on immunotherapy of neoplasms with mycobacteria and corynebacteria. The fractions of these bacilli have been employed and found to be effective in the treatment of experimental neoplasms as well as in clinical use. A hot water extract from delipidated BCG has been found to show antitumor activity when it was injected into the peritoneal cavity of mice which had been inoculated intraperitoneally with tumor cells. However, the mechanism responsible for antitumor effects has not yet been completely elucidated. Since the hot water extract exerted no antitumor activity when administered to mice prior to the inoculation of tumor cells, its direct cytotoxicity to tumor cells could not be excluded,
In this study, no difference in viability of tumor cells was observed when they had been cultured in the presence of HWE. In addition, the survival time was not prolonged when mice had been inoculated with tumor cells precultured in HWEcontaining medium. These results suggest the participation of host-mediated antitumor activity in the treatment with HWE of experimental neoplasms. It has been reported that since silica and carragheenan, known to be toxic to macrophages, abrogate the antitumor activity of mycobacteria and corynebacteria, macrophages play an important role in immunotherapy of cancer with these bacilli (Hopper et al. 1976; Keller 1977; Mazurek et al. 1979 ). In the present investigation, silica and carragheenan depressed the antitumor effects of HWE. Therefore, macrophages were considered to mediate the antitumor activity, at least partially, of EWE. Wirth et al. (1980) have indicated the importance of particle size in relation to the immunodepressive properties of silica. In the present study also, no significant difference of survival time was observed as compared with that of control groups, when mice had been injected with large particles (5 µm) of silica.
As to the effects of steroids in immunotherapy of murine transplantable neoplasms, the results reported so far have not necessarily been consistent. Fisher et al. (1976) reported that corticosteroids did not alter the tumor-inhibitory effects of Corynebacterium parvum, whereas there have been reports indicating that the inhibitory effects of BCG and corynebacteria on tumor growth were reduced in steroid-treated mice (Chung et al. 1973; Scott 1975; Jones et al. 1978) . In the present study, in mice which had been injected with hydrocortisone acetate, the effect of EWE was reduced. The results thus obtained indicate that, in addition to macrophages, some cells sensitive to steroids are related to the antitumor activity of EWE.
Immunized or activated peritoneal cells and cells from lymphoid tissue have been shown to suppress the growth of tumor cells when they are inoculated in the form of a cell mixture. This method described by Winn (1961) has been used to investigate the possibility of an in-vivo transfer of antitumor activity of mycobacteria and corynebacteria in experiments of murine tumors (Peters et al. 1977; Parr et al. 1977) . In the present study, the growth of 5180 was retarded in ddY mice which had been inoculated subcutaneously with a mixture of peritoneal cells from HWE-injected ddY mice and 5180 cells. However, a close contact of the peritoneal cells and tumor cells was considered important, since prolongation of survival time was not observed when the cell mixture had been inoculated intraperitoneally (data not shown). Investigations are now being carried out in order to find out the population of peritoneal cells which are capable of delaying the growth of tumor cells.
